Abstract. Polyphenol compounds are very important components of cider -they are responsible for the colour and the bitterness and astringency balance of cider. The polyphenolic profile of apples and apple drinks is influenced by several factors: apple variety, climate, maturity, and technological processes applied. This research paper concerns the influence of apple variety on the phenolic compounds and sensory properties of cider. Fermentation of 12 varieties of apple juice with Saccharomyces cerevisiae yeast '71B-1122' (Lalvin, Canada) was performed in a laboratory of the Faculty of Food Technology of the Latvia University of Agriculture. The total phenol content (TPC) was determined according to the Folin-Ciocalteu spectrophotometric method. Individual phenolic compounds were analysed using HPLC. Sensory properties (clarity, the apple, fruit and yeast aroma, the apple and yeast taste, sourness, astringency, and bitterness) were evaluated by trained panelists using a line scale. Special attention was paid to the use of dessert apples for the production of cider. The most important sensory properties of cider are the aroma and taste of apples and fruit. All cider samples showed the intensity of apple aroma ranging from 5.3 to 7.6 points, and higher results were obtained for cider from the variety 'Auksis' apples. The TPC in cider samples varied from 792.68 to 3399.78 mg L -1 : Among crab apples, the highest TPC was detected in ciders made from the 'Hyslop' and 'Riku' varieties, whereas among dessert apples, the highest TPC was detected in ciders made from the 'Antonovka' variety. Among the twelve phenols identified in cider samples, chlorogenic acid and caffeic acid were the dominating ones. Variation in the sensory properties of ciders was dependent on the physicochemical composition of the apples used.
Introduction
Cider is a fermented drink obtained from apple juice. Apples are an excellent source of several phenolic compounds and also possess a high total antioxidant capacity (Sun, Chu, Wu, & Liu, 2002) . The researchers have found that apples had the highest content of soluble free phenolics when compared to 10 other commonly consumed fruits (Vinson, Su, Zubik, & Bose, 2001) . Apples contain a variety of phenolic compounds that can be classified into several sub-classes with procyanidins being the most abundant class (between 40% and 89%), followed by hydroxycinnamic acids, dihydrochalcones, flavonols, anthocyanins, and flavan-3-ols (Alonso-Salces et al., 2004; Tsao, Yang, Young, & Zhu, 2003) . The content and composition of polyphenols present in apples are important because of their contribution to the sensory quality of fresh fruit and processed apple products. For cider production, the content and profile of polyphenols are an important quality indicator since they contribute to the colour, bitterness, and astringency, which provide the mouth-feel of cider (Alonso-Salces et al., 2004; Lea & Drilleau, 2003) . Some polyphenols such as hydroxycinnamic acids are the precursors of volatile compounds that contribute to cider aroma (Lea, 1995) . The polyphenolic profile of apples and apple drinks is also influenced by several factors: variety, climate, maturity, storage, and processing (Lata, 2007 ; Ruiz-Rodriguez, Marin, Ocana, & Soler-Rivas, 2008; Van der Sluis, Dekker, De Jager, & Jongen, 2001). Phenolics have been used for detecting adulterations in apple products and could be inhibitors for microbiological growth-avoiding process spoilages (Madrera, Lobo, & Valles, 2006) . But the most recent investigations show that, for example, by manipulating the pressing conditions of apple juice, the bitterness and astringency decreased much less than in the concentrations of native polyphenols (Renard et al., 2011) .
Not all ciders are made from "true" cider apples. Many modern ciders have a high proportion of dessert apple varieties (Lea, 1995) . The cidermaking steps mainly responsible for the extraction and content of the phenols in the final product are maceration, pressing, enzymatic clarification of the must prior to fermentation, centrifugation, filtration, and fining. The enzymatic clarification, centrifugation, filtration and fining of French ciders lead to the partial elimination of procyanidins due to their ability to precipitate proteins and to interact with cell-wall polysaccharides (Alonso- Salces et al., 2004) . For the development of the quality of ciders produced from Latvian apples, it is important to investigate the phenolic composition of ciders from different apple varieties in order to develop fermented apple drinks with potentially the best sensory properties. Up to now, no detailed studies of apples suitable for cider production have been carried out in Latvia. In the present research, phenolic composition and sensory properties of ciders were evaluated with the aim to choose the apple varieties most suitable for cider production. Apples were harvested in September and October 2011. Juice was obtained by the mechanical press Voran Basket Press 60K (Voran Maschinen GmbH, Austria). For stabilization of the juice before fermentation, Tannisol (Enartis, Italy) was added. Tannisol tablets contain potassium metabisulphite (95%), ascorbic acid (0.3%) and tannin (0.2%), and the amount added to juice was 0.1 g L -1 .
Materials and Methods

Raw material
Fermentation conditions
Fermentation was performed using the commercial Saccharomyces cerevisiae yeast '71B-1122' (Lalvin, Lallemand Inc., Canada) at 16±1 °C for 28 days. The apple juice obtained was fermented in glass bottles (for each cider type n=5) with a volume of 750 mL. For analysis, the average cider samples were combined in equal proportions from the five bottles. . Sensory properties of cider depend on its physicochemical composition; quality parameters of the analysed samples are given in Table 1 . 
Chemical composition of cider
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The total phenolic concentration was determined spectrophotometrically according to the FolinCiocalteu colorimetric method (Singleton, 1999) . The fermented apple juice was diluted with ethanol/ acetic acid solution (1:20 v/v). The ethanol/acetic acid solution was prepared using an acetic acid water solution (2.5%) and ethanol (98% vol.) in the ratio of 10:90 (v/v). To 0.5 mL of aliquot, 2.5 mL of Folin-Ciocalteu reagent (diluted 10 times with water) were added, and after 3 minutes, also 2 mL of sodium carbonate (Na 2 CO 3 ) (75 g L -1 ) were added. After 30 minutes of incubation at room temperature, the absorbance was measured at 765 nm using a JENWAY 6300 spectrophotometer (Barloworld Scientific Ltd., UK).
The concentration of all individual polyphenols was determined by high-performance liquid chromatography (HPLC) using Shimadzu LC-20AD Prominence with a diode array detector (SPD-M20A). Separation was performed in a PerkinElmer C18 4.6×250-mm column (thermostated at 27 °C). Eluting solvents were methanol (A, 20%), water (B, 78.4%), and acetic acid (C, 1.6%) used in a gradient mode. At the 17.50th minute, the ratio of solvents was: A -40.3%, B -58.5%, and C -1.2%. A total of 10 μL of each sample were injected in the chromatograph using an automatic sample injection system SIL-20 AC. The total duration of analysis was 35 minutes. For detection and quantification of compounds, several wavelengths were used: 253 nm for 4-hydroxybenzoic acid and rutine, 263 nm for gallic acid, 278 nm for catechin, caffeic acid and syringic acid, and 298 nm for chlorogenic acid, epicatechin, coumaric acid, sinapic acid and ferulic acid.
The phenolic compounds were tentatively identified according to their order of elution and retention times of standard compounds. The method was developed at the Department of Chemistry of the Latvia University of Agriculture (LLU) based on the recommendations of the company Shimadzu.
Sensory analysis
Sensory evaluation of cider samples was carried out by trained panelists (19 women and 5 men, age 21-64). The panelists had studied the basics of sensory evaluation methods and were experienced in sensory panels. The group included the students and staff of the Faculty of Food Technology of LLU. For determination of the intensity of sensory properties (clarity, the apple, fruit and yeast aroma, 
Statistical analysis
The analysis of variance was performed by the ANOVA procedure, and p<0.05 was considered statistically significant. The linear correlation analysis was performed in order to determine the relationship among sensory properties and among sensory properties and chemical parameters.
Results and Discussion
Total phenolic compounds (TPC)
The content of total phenols in ciders varied from 792.68 to 3399.78 mg L -1 depending on the used apple variety. In ciders made from crab apples, the highest TPC was detected for the 'Hyslop' and 'Riku' varieties, whereas in ciders from dessert apples, the highest TPC was detected for the 'Antonovka' variety, the lowest TPC -for the DI-93-4-14 apples (Fig. 1) . These results are in accordance with Nogueira et al. 
Individual phenolic compounds
In the analysed cider samples, 12 polyphenols were identified, of which the dominating was chlorogenic acid, followed by caffeic acid, catechin, syringic acid, and epicatechin (Table 2) .
Chlorogenic acid was the dominant polyphenol in all cider samples, and it ranged from 136.52 to 435.69 mg L -1 . The distribution of phenolic acids may strongly vary with the species, variety, and physiological stage (Macheix, Sapis, & Fleuriet, 1991 
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metabolites, and several functions being attributed to them (Stratil, Klejdus, & Kuban, 2007) . Phenolic acids may contribute to the dark colour, bitter taste, and objectionable flavour of some fruits, leaves and seeds, and have been implicated as a possible agent that influences the toxicological, nutritional, sensory, and antioxidant properties of different food products such as fruit juices, wines, and ciders (Macheix, Sapis, & Fleuriet, 1991) . The role of phenolic acids in the bitterness of fruit and fruit products is still a matter of discussion, but it has been concluded that hydroxycinnamic acids do not play any role in the taste of wines even at high concentrations of caftaric acid and glutathionylcaftaric acid (Macheix, Sapis, & Fleuriet, 1991) . In contrast to other phenolic compounds, hydroxybenzoic acids and hydroxycinnamic acids present an acidic character because of the presence of one carboxylic group in the molecule (Macheix, Sapis, & Fleuriet, 1991) . Generally, in our research, the phenolic compounds found in the analysed ciders varied, and also other scientists have reported that the proportion of the polyphenol classes varied greatly from one variety to another (Alonso-Salces et al., 2004; Sanoner, Guyot, Marnet, Molle, Drilleau, 1999). Bitter apple varieties have a higher content of flavan-3-ols and/or dihydrochalcones than * -CAE -chlorogenic acid equivalents Note. In the figure, mean values and standard deviation are presented. 
Sensory analysis
The results of the sensory evaluation of different attributes (namely, clarity, the apple, fruit and yeast aroma, the apple and yeast taste, sourness, astringency, and bitterness) are presented in Fig. 2 .
According to ANOVA, the apple variety was significant (p<0.05) for all sensory properties of cider. The most important sensory properties of ciders are the apple and fruit aroma and taste, which depend on the quality of the product. All cider samples showed the intensity of apple aroma from 5.3 to 7.6 points. The panelists' evaluations showed that there were significant differences (p<0.05) among the samples in the intensity of the apple and fruit aroma, and the best results were obtained for cider from the 'Auksis' apples.
The apple aroma strongly negatively (r=-0.83) correlated with yeast taste and moderately negatively 
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(r=-0.60) with yeast aroma. Also the apple aroma and taste moderately positively correlated with sour taste (r=0.56 and r=0.52, respectively). The intensity of the yeast taste and aroma for all cider samples was not high. According to the assessment of the trained panelists, there was a significant difference (p<0.05) in the intensity of the sour taste among the cider samples. The highest intensity of sour taste was detected in ciders from the 'Cornelie' and 'Hyslop' varieties, and the lowest intensity was detected in ciders from the DI-93-4-14, 'Kuku', 'Merrigold' and 'Auksis' varieties. The sour taste moderately correlated (r=0.63) with titratable acidity. There were significant differences (p<0.05) in terms of bitterness and astringency among the analysed samples, and the highest intensity of these attributes was in ciders from the 'Riku' and 'Hyslop' crab apple varieties.
Comparison of sensory properties and the content of phenolic compounds showed that apple aroma correlated moderately with 4-hidroxybenzoic acid (r=0.52), vaniline (r=0.77), sinapic acid (r=0.60), and ferulic acid (r=0.55). Fruit aroma correlated moderately negatively with such polyphenols as catechin (r=-0.75), caffeic acid (r=-0.65), and epicatechin (r=-0.63).
The importance of phenolic acids in fruit aroma is low; however, many simple aromatic phenols may be released by enzymatic or chemical reactions from glycosylated precursors during maturation or processing, e.g. in vanilla, passion fruit, mango, and apricot (Crouzet, Sakho, & Chassagne, 1997). Such transformations are also at the origin of some aroma constituents in wines, ciders, and fruit juices through the degradation of hydroxycinnamic acid conjugates. Vanillic acid participates, in addition to vanillin, in vanilla aroma, and cinnamaldehyde is the principal component of cinnamon flavour (Friedman, Kozukue, & Harden, 2000) . Ferulic acid is a potential precursor of off-flavours in a stored citrus juice, and pasteurization increases both the release of free ferulic acid from bound forms and the formation of p-vinyl guaiacol (Naim, Zehavi, Nagy, & Rouseff, 1992).
Conclusion
This work is a study on the phenolic composition and sensory attributes of ciders produced from twelve apple varieties grown in Latvia. The highest TPC rates were detected in crab apple varieties. Chlorogenic acid and caffeic acid were the dominating polyphenols in all cider samples. Variation in the sensory properties of ciders was dependent on the physicochemical composition of the apples used. The research results help to understand the principles of selecting apple varieties for the production of cider. For development of a qualitative product, it is necessary to choose varieties with an intensive apple aroma (such as 'Auksis') and a moderate astringency (such as 'Riku' and 'Hyslop').
